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ABSTRACT. Standardized uptake value (SUV) for [F-18]fluorodeoxyglucose (FDG) studies that is
commonly used to differentiate malignant from benign tumors and to assess the efficacy of therapy is reviewed
as a simplified calculation of the more general modeling approach. Based on such a basis, the merits and
limitations of the SUV approach is examined with reference to literature reports on tumor uptake of FDG.
Results indicate the complexity and large variation of glucose uptake mechanism in tumors. Consistently
performed procedures and more basic studies are needed to improve the utility of FDG SUV. NUCL MED BIOL

27;7:643–646, 2000. © 2000 Elsevier Science Inc. All rights reserved.
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INTRODUCTION

Standardized uptake value (SUV), under various names, is a popular
index used in clinical [F-18]fluorodeoxyglucose (FDG) studies to
differentiate malignant from benign tumors (1, 2, 10, 11, 15, 19, 21,
23, 25, 26, 31) and to assess the efficacy of therapy (5, 9, 28).
Despite its popularity, the reliability of SUV is still somewhat
controversial (17). In the following, I will compare the SUV
method with modeling approach to examine its merits as well as its
variability. Issues related to physical measurements, such as atten-
uation correction, object size, imaging resolution, and regions of
interest (ROI), that have been addressed separately by others will
not be discussed extensively here.

Common factors that can influence the amount of tracer uptake
in tissue are listed in Table 1. In addition to the primary biochem-
ical process, there are many other confounding factors that can
influence the amount of tracer uptake. Although not every factor
listed in Table 1 would play a role for every tracer, they all
potentially could affect significantly the tissue uptake of a particular
tracer. Tracer kinetic modeling that describes mathematically the
mechanism of transport and biochemical reactions of the tracer in
tissue is a formal way to remove the effects of the confounding
factors (13). Modeling approach usually requires taking series of
blood samples from the studied subject to give the time course of the
tracer delivery, and requires measuring the dynamics of the radio-
label in local tissues. Frequently, model fitting or regression analysis
is needed to give the desired biological information.

For some tracers and for some studies, there are simplified
approaches that can achieve a similar goal of reducing the effect of
confounding factors. The SUV for FDG can be viewed as one of
these approaches. Although the SUV formula in its original form
has been criticized (17), the simplicity of the approach makes it
extremely attractive for routine clinical use. Changes/modifications
of the formula have been made to overcome the original deficien-
cies (8, 17, 18, 36). The following is a review of the basis of the
approach to show how it is related to the modeling approach. Based

on such a foundation, the merits and limitations of the SUV
approach (with its various modifications) can be assessed more
easily.

RELATIONSHIP BETWEEN GLUCOSE UTILIZATION
RATE AND SUV

Quantitation of glucose utilization rate with FDG (14, 27) followed
the original work of Sokoloff et al. (30) who had laid out a solid
foundation for the use of C-14-labeled deoxyglucose (DG) and
autoradiograph for the quantitation of cerebral metabolic rate of
glucose. In this method, the time course of tracer delivery to local
tissue is provided by plasma concentration of FDG. The transport of
FDG across the capillary/cellular membrane is accounted for by two
rate constants K1 and k2 (for forward and reversed transport). The
phosphorylation of FDG to FDG-6-P in cells is accounted for by a
rate constant k3, and a usually small dephosphorylation rate
constant for FDG-6-P is represented by k4. With this representa-
tion, the glucose utilization rate in tissue can be formulated as seen
in Eq. (1):

MRglc 5 ([Glc]/LC) z [K1 z k3/(k2 1 k3)] 5 ([Glc]/LC) z Ki (1)

where LC is a lumped constant that accounts for the transport and
phosphorylation difference between FDG and glucose (12, 14, 27,
30), and [Glc] is the glucose concentration in arterial plasma. Ki is
defined as [K1 z k3/(k2 1 k3)] and is commonly called the uptake
constant. Once the value of Ki is known, MRglc can be easily
obtained. There are numerous ways to estimate Ki (13, 24, 30), but
the one provided by Sokoloff et al. (30) is most revealing, and can
be described by the following descriptive formula (14, 30) [see Eq.
(2)]:

Ki 5 [(total radioactivity concentration in tissue at time T)
2 ~free FDG in tissue at time T!]/@integral (up to time T!

of the time course of available FDG concentration
for tissue uptake] (2)

Normally, when T is reasonably large (e.g., larger than 45 min
postinjection), the tissue’s free FDG is a small fraction of the total
radioactivity in tissue and can be neglected. The time integral in
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the denominator can also be approximated as the integral of the
time activity curve (TAC) of FDG concentration in arterial plasma.
Therefore, the equation for MRglc is reduced to [see Eq. (3)]:

MRglc 5 [Glc] z C~T!YHLC z FE
0

T

~plasma FDG TAC) dt!GJ
(3)

where C(T) denotes the radioactivity concentration in tissue at
time T that is measurable externally with PET or coincidence
camera, and its spatial distribution in tissue is what an FDG PET
image normally represents.

If the time integral in the denominator is proportional to the
injected dose divided by body weight of the subject, then [see Eq.
(4)]:

FE
0

T

(plasma FDG TAC) dtG 5 b z ~dose)/(body weight) (4)

with b as a proportional constant that is not dependent on the
particular subject being studied. Therefore, the equation for MRglc
becomes [see Eq. (5)]:

MRglc 5 {([Glc]/100) z C~T!/~dose/body weight)}/(LC z b/100!

(5)

The quantity within the braces is SUV of the glucose-corrected
form (with mg/dL as the units of [Glc]). Since LC is a constant (14,
27, 30) and b is also assumed to be constant, SUV should thus be
proportional to MRglc and thus can be used as an index for MRglc.
This provides a theoretical foundation of SUV. A good correlation
between SUV and MRglc has been shown for many types of tumors,
including sarcoma (8), bronchial carcinoma (19), and head and
neck tumors (20).

Some SUV formulae that do not include the [Glc] factor cannot
account for variation of plasma glucose variation from subject to
subject, as pointed out by Keyes (17), although there are situations
for which the formulae without the [Glc] factor might be more
appropriate (see later discussion). The approximation of the integral
of plasma FDG TAC to be inversely proportional to body weight
has also been questioned, and the use of “lean body weight” (36) or

“body surface area” (18, 29) to replace “body weight” has been
offered and is now also frequently used.

VARIABILITY OF SUV

As shown in the above derivation of the SUV formula, the validity
of SUV depends on a few important assumptions and approxima-
tions. The most critical one is the validity of the approximation of
the time integral of plasma FDG TAC with Eq. (4). It does not
require the plasma FDG TAC to have a fixed shape, but the integral
of the curve is assumed to be proportional to the injected dose and
inversely proportional to body weight or body surface area. While
these assumptions are quite reasonable, the equation implies that
the integral of plasma FDG TAC is not affected significantly by
other factors that are variable from subject to subject. Ishizu et al.
(16) examined this issue for patients with glucose-loading hyper-
glycemia. Based on their published data in 10 patients, the ratio of
the time integral and (dose/body weight) is 1.84 6 0.36 (i.e.,
coefficient of variance is below 20%). The SUV calculation
(without including plasma [Glc]) has a good correlation with the
FDG uptake value that is normalized by the time integral of the
plasma TAC (correlation coef 5 0.82). So, in general, this is a
reasonable assumption for FDG. However, for instance, if a patient
is going through chemotherapy and has impaired renal function, the
clearance of plasma FDG through the kidney could be significantly
reduced, and the integral of the plasma TAC could deviate more
from what would be predicted from the dose and body weight alone.
The SUV value for such a case could overestimate the tumor
MRglc, and the therapy response may not be accurately reflected by
the change in SUV.

Conceptually, it appears that such a change in the FDG TAC
would also affect the amount of tracer uptake in other background
tissues. In other words, the tumor to background ratio on the FDG
images might not be affected by the plasma FDG TAC changes, and
the tumor to background ratio might be used as an adjunct to
monitor the reliability of SUV. The validity of this argument of
course depends on the uptake kinetics of FDG in the background
region. Unfortunately, the FDG kinetics in the background could
differ markedly from those in tumors. For example, the FDG
kinetics in normal liver tissue have such a large dephosphorylation
rate (k4) that the radioactivity in tissue at late time is related more
to the plasma FDG concentration at that time rather than to the
integral of the FDG TAC (3, 22). Also, the FDG uptake charac-
teristics and glucose utilization in many tissues could be affected
differently by other factors, such as plasma glucose (4) and body
weight (36). In an animal study to examine the effect of hypergly-
cemia, Wahl et al. (34) reported that as plasma glucose is increased,
the FDG uptake in brain, small bowel, and ovaries are decreased,
while the uptake in kidney is increased. Lindholm et al. (20) also
found that tongue and muscle uptakes are increased with plasma
glucose. Under insulin-induced hypoglycemia in experimental an-
imals, Torizuka et al. (33) showed that changes in FDG uptake
varied greatly in different tissues. Thus, the FDG uptake in
background regions is usually not stable enough to serve as a reliable
reference. The tumor to background ratio has been examined for its
ability to differentiate malignant from benign tumors and was found
to be less reliable than SUV (4, 6, 7).

A question that is frequently raised about the use of FDG for
measurement of MRglc is the stability of LC. One may wonder how
that would affect the SUV. LC represents the relative overall
uptake efficiency between FDG and glucose. Since FDG uptake in
tissue usually goes through two limiting steps and the relative

Table 1. Common Factors That Affect Tracer Uptake in
Tissues

Amount of dose administered
Route of tracer administration
Specific biochemical processes that the tracer probes
Blood perfusion of the tissue of interest
Body size of the subject
Systemic condition of the body (uptake of tracer in other tissue/

organs, excretion rate of the tracer, body fat content,
biochemical reaction/metabolism of the tracer in the body,
etc.)

Endogenous substrate/transmitter competition
Nonspecific biochemical environment in tissue
Biochemical properties of labeled metabolites in plasma
Vascular volume in tissue
Time of uptake determination after tracer administration
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efficiency between FDG and glucose are different, the relative
overall uptake efficiency between FDG and glucose that is repre-
sented by LC could change when the dominance of the two limiting
steps is changed. For example, in normal brain tissue, FDG has a
higher rate than glucose for the transport across the blood-brain
barrier, while the reverse is true for the phosphorylation step. Also,
since cerebral MRglc is regulated to remain at a rather constant
rate, the dominance between the two limiting steps could be shifted
when plasma glucose concentration is shifted between its extremes.
Thus, the overall relative uptake rate would be dependent on which
step is more limiting. However, within the normal physiological
range of plasma glucose concentration, the value of LC in brain
tissue does not vary much. If the FDG uptake in a particular tissue
has only one single limiting step, LC is not expected to change at
all. Therefore, potential variability of LC is not a major concern for
normal use of the SUV.

As mentioned earlier, the SUV formula used by some people does
not include the [Glc]/100 factor in Eq. (5). This has been a point of
some controversy (17), and is actually related to the fundamental
question of whether MRglc is the right index to characterize the
activity of a tumor. For example, if MRglc in tissue is proportional
to the plasma glucose level, as in skeletal muscle, the measured
MRglc would vary depending on the plasma glucose level, and the
SUV formula without the [Glc] factor would actually give a more
stable parameter that is independent of plasma glucose variations.
On the other hand, if the glucose transport/metabolic process in
tissue is highly saturated or regulated, MRglc would remain con-
stant, while the uptake constant Ki is inversely related to [Glc]. So,
in this case, the SUV formula would need to include the [Glc] factor
to compensate for the inverse relationship between Ki and [Glc].
Therefore, it is important to understand the glucose utilization
characteristics of the particular tumor to select the appropriate
formula to use. Work on a few common types of tumor has been
performed and reported in the literature. For example, Diederichs et
al. (7) showed the uptake of FDG in pancreatic tumors decreased at
increased plasma glucose level. For glioma and bronchial carcino-
mas, similar plasma glucose dependencies have been shown (16,
19). So, for most tumors, the SUV formula that includes the [Glc]
factor appears to be more appropriate. However, animal studies
performed by Torizuka et al. (33) indicated that for insulin-induced
hypoglycemia, the uptake of FDG in mammary carcinoma is also
reduced, and thus including the [Glc] factor in this case would make
the SUV further suppressed. Yamada et al. (35) showed that FDG
uptake in transplanted ascitic hepatoma remained unchanged with
plasma glucose variations. Torizuka et al. (32) also showed that in
breast cancer, the SUV without plasma glucose adjustment corre-
lated with both Ki and k3 (phosphorylation rate constant), but in
lung cancers SUV correlated only with Ki (i.e., not with k3). These
results illustrate the complexity of glucose uptake in tumors, and
more basic studies are needed to increase our understanding and to
improve the utility of FDG SUV for differentiating malignant from
benign tumors.

Physical imaging factors could also contribute to large variability
in the calculated SUV. A major factor is the partial volume effect
that is due to the variable tumor size relative to spatial resolution of
the imaging device. The selection of ROI and alignment of images
between follow-up and pretreatment studies could directly affect the
SUV calculations. Attenuation correction is another important
factor since accurate attenuation correction is needed to give
reliable tissue radioactivity concentration. Also, since the calcula-
tion of SUV involves quantities measured with two instruments
(tissue FDG uptake by positron emission tomography or coinci-

dence camera and injected dose by radiodosimeter), calibration
inaccuracy between the two instruments could contribute to vari-
ability of the SUV calculation, especially for comparison across
different institutions/centers. In addition, radioactivity concentra-
tion in tissue during an FDG study does not remain constant even
after 45 min postinjection and after correction for radioactive
decay, because the continuing tissue uptake of FDG from plasma
and the clearance of tissue activity from tissue are rarely in balance.
Meanwhile, the entire body of the patient cannot be imaged at the
same time by scanners available today. Therefore, variation in the
time of the tissue uptake measurement used in the SUV calculation
could introduce additional variability (17). Therefore, in addition
to the consideration of the biological factors and tracer kinetic
issues, the FDG study procedure and image analysis also need to be
consistently and carefully performed to improve the clinical utility
of SUV.
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